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ABSTRACT
The fate of newly transferred melanosome complexes was examined in guinea pig
epidermal cells in vitro. Time-lapse cinemicrographs indicated that, following transfer,
melanosome packages were digested and melanin granules were dispersed throughout the
cytoplasm of the keratinocytes. Acid phosphatase activity was identified in the vicinity
of the complexes during this stage. Dispersed granules were observed to undergo
saltatory (non-Brownian) movements, at speeds of 2 to 4 j per second. The addition
of coichicine (1 x 10 M) to the cultures inhibited the movements, suggesting that the
saltations were related to the presence of linear constraining elements (microtubules
and microfilaments) within the cells.
In mammalian skin, melanin granules are
transferred from melanocytes to keratinocytes
in a direct and orderly fashion (1). Within the
keratinocytes the granules are found in two
forms: as elementary melanosomes consisting
of solitary membrane-free, granules and as
compound (or complex) melanosomes consist-
ing of clumped granules enclosed by one or two
membranes (2, 3). Two theories, consistent
with these histologic findings, have been ad-
vanced concerning the fate of newly trans-
ferred melanin granules. Drochmans has pro-
posed that melanosomes are transferred to
keratinocytes as elementary bodies and that
they agglomerate into the compound form
within epidermal cells (4). Mottaz and
Zelickson, on the other hand, have suggested
that the granules are passed in the compound
form and that the complexes are later digested
inside the keratinocytes, releasing individual
granules (3).
The purpose of this study was to determine
the fate of newly transferred melanosomes
directly, by observing and recording their
activities within guinea pig epidermal cells in
vitro.
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MATERIALS AIcD METHODS
Cell cultures of adult guinea pig skin were es-
tablished in glass Cruickshank chambers accord-
ing to a method described previously (5). Once
the cells became attached to the underside of the
cover slips melanocyte-keratinocyte pairs that
were engaged in pigment transfer were identified
and time-lapse cinemicrographs were taken of
newly transferred melanin packages at speeds rang-
ing from 2 to 6 frames per minutes using Kodak
Plus X Reversal ifim. Serial still photomicrographs
were taken using Kodak Plus-X and Kodachrome
II film. Selected preparations were fixed in formalin
and stained for acid phosphatase activity (6).
The movements of individual melanin granules
were recorded by slow speed cinemicrography at
12 frames per second using Kodak 4-X Reversal
fIlm.
RESULTS
Melanin granules were transferred from
melanocytes to keratinocytes in groups. Each
group represented the distal portion of a
melanocyte dendrite, and contained from ten to
more than 100 melanin granules. In general,
the packages remained intact during transfer
(Fig. 1). After the melanin packages had
separated from the dendrites they moved to a
paranuelear position within the keratinocytes.
During this migration towards the center of
the cell, the granules continued to remain
grouped together. Once the complexes reached
the paranuclear zone they became surrounded
by small, phase dense particles which appeared
to merge with the melanin packages. During
the next four to twenty-four hours the corn-
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FIG. 1. Melanosomes are transferred from mela-
nocytes to keratinocytes in groups. Each group rep.
resents the distal end of a dendrite and contains
10 to more than 100 melanin granules. (X 470,
enlarged)
plexes became dispersed in one of two ways:
either fragments representing individual gran-
ules or smaller groups of granules were de-
tached from the packages gradually, or the
packages dissolved suddenly in a period of a
few minutes scattering their contents of
melanin granules throughout the cytoplasm
(Fig. 2).
In some instances the melanosome complexes
remained intact for days or even weeks. Acid
phosphatase activity was not identified in the
cell during transfer. However, during the time
that the compound melanosomes were being
digested, acid phosphatase activity was promi-
nent in the paranuclear regions. Once the
complex melanosomes dispersed, acid phospha-
tase activity was again absent.
After the melanin packages had been dis-
solved, the individual granules migrated to
more peripheral regions of the cell, where they
began to move in an irregular fashion. The
movements were jump-like with amplitudes of
from 2 to more than 30 jz between stops.
The velocities of the more active granules, cal-
culated from cinemicrographs ranged from 0.3 Fia. 2. Time-lapse sequence showing sudden dis-
solution of a melanin package. Frames were takento 4 i per second (Table I). The movements at 90 second intervals. (X 470, enlarged)
were especially marked in the peripheral areas
of the keratinocytes. The movements were
generally parallel to the long axis of the cell
although some granules were observed to
change direction suddenly (Figs. 3 and 4). Oc-
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casionally a granule was observed to move in
one direction, stop, and then return along the
same path, The granules did not flow in a single
direction. Granules were sometimes observed to
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TABLE I
&iltatory movement of melanosomes: granule dis-
placement and speed
Granule Displacement () Speed (p/sec)
A 10 2.4
B 2 2.6
C 3 3.8
D 37 2.3
E 23 2.3
F 4 3.2
G 3 2.3
H 5 3.0I 8 2.3
J 16 2.9
K 12 2.7
L 4 4.0
M 4 2.6
Fsa. 3. Diagrams of granule movement within
a single cell. Dots represent the location of granules
at one second intervals. Number are placed at the
start of each displacement. A. a composite of
granule movement over a four minute period.
Granule 8 moved 40 /2 in 17 seconds. B. Granule
movement over an eight second period. Granules 1
and 3 moved opposite to granules 2, 4, 5.
Fsa. 4. Time-elapse sequence of saltatory move-
ment of melanin granules. Frames A and B were
separated by 6 seconds. Granule marked by 0
moved 24 p. during this time. (X 970, enlarged)
meet head on, stop for a moment and then
move away (Fig. 5).
The melanosome movements were unaffected
by a-MSH (500 /Lg/mI), acetyicholine (5 X
10' M) and norepinephrine (5 x 102 M). The
addition of colchicine (1 x 10' M) inhibited the
movements from 24 to 48 hours. The move-
ments also slowed if the chambers were cooled
below 25°C. The movements returned as the
cultures were re-warmed.
COMMENTS
Observation of epidermal cells in vitro has
provided direct information regarding the fate
of newly transferred melanin granules. The re-
suits of this study indicate that melanosomes
are passed to keratinocytes in a compound
form, and they form smaller units after diges-
tion in the paranuclear region of the cell. There
was no evidence to suggest that newly trans-
ferred granules aggregate within keratinocytes
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to form larger complexes as suggested by along the long axis of the cells. Whether salta-
Drochmans. tory movements of melanin granules can medi-
The presence of phase dense granules (pre- ate a purposeful rearrangement of melanin
sumably lysosomes) in the paranuelear regions granules within keratinocytes (as is seen, for
and the demonstration of acid phosphatase ac-
tivity suggests that the dispersion of the
melanosome complexes was mediated by lyso-
somal enzymes. In a recent electron micro-
scopic study, Gazzolo and Prunieras have re-
ported that aggregates of melanin granules
were located in large acid phosphatase rich
vesicles within epidermal cells. These workers
interpreted the acid phosphatase activity as
contributing to the degradation of melanosomes
rather than to their dispersal (7).
The jump-like movements of melanin gran-
ules observed in the peripheral regions of the
keratinocyte meet the criteria established for
saltatory movement (8). The saltations of the
melanin granule particles were characterized by
displacements that were well outside the range
of Brownian movement, and by alternating
periods of motion and rest. Some particles
traveled up to 30 j in length at speeds of 2 to
4 ,a per second. Neighboring particles often
moved in opposite directions. The maximum
velocities obtained and distances traversed were
variable but the speed was fairly uniform for
the major part of any single journey. The path-
ways were curved or straight.
Such movements have been noted previously
in a variety of vertebrate cells including Hem
and L cells (9) human basal cell carcinoma
(10) and chick retina pigment cells (11).
Rebhun has shown that the movements do not
originate in the particles themselves but repre-
sent fluxes generated within the cytoplasm. Al-
though the basis for saltatory movement is not
entirely clear, Rebhun has suggested that un-
derlying linear constraining elements (micro-
tubules and microfilaments) may generate suf-
ficient force to mediate the movements (12).
The inhibition of the movements by the addi-
tion of colchieine to the media, and by lowering
the temperature, further supports this concept,
for both of these activities are known to dis-
rupt microtubules. Although saltations have
not been observed in vivo, microtubules have
been demonstrated in tissue sections of mam-
malian epidermal cells by electron microscopy
(13). Fic. 5. Time-elapsed sequence. Frame A and
1 B were separated by 1 second, frame B and C byAnalysis of the directional components of tue 2 seconds. Granules 0 and V moved in opposite
melanosomes indicate that they tend to fall directions. (X 970, enlarged)
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example, within the melanophores of Fundulus
in response to MSH) (14, 15) is not known.
So far attempts to produce polarized move-
ments of melanin granules in response to ultra-
violet light or to a-MSH have been unsuccess-
ful.
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